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HINGE-MCMENT, LIFT, AND PITCHING-MOMENT CHARACTERISTICS
OF A FLAP-TYPE CONTROL SURFACE HAVING VARIOUS
HINGE-LINE LOCATIONS ON A L4-PERCENT-THICK

60° DELTA WING

TRANSONIC~-BUMP METHOD

By Robert F. Thompson
SUMMARY

An Investigation was made in the Langley high-speed T- by 10-foot
‘tunnel to determine the hinge-moment, 1ift, and pitching-moment char-
acteristics of a Y-percent-thick 60° delta wing equipped with a trailing-
edge flap-type control. The control spanned the inboard 66 percent of
the semispan and had various overhang nose balances. Balance chord was
varied by shifting the flap hinge line with the total control chord held
constant at 11.3 percent of the wing mean aerodynesmic chord. Ratios of
balance chord to flep chord were 0.07, 0.32, 0.50, 0.796 and 1.03. The
model was tested through an angle-of-attack range of ~6° to 159, a Mach
number range from 0.60 to 1.18, and a flap-deflection range of
approximately +30°.

Shifting the control hinge line rearward had a balencing effect on
the control hinge moments for all test conditions but caused the varia-
tion of hinge-moment coefficient with control deflection to become very
nonlinear. For ratios of balance chord to flap chord equal to or greater
than 0.50, the control was overbalenced over part of the test range and
there were abrupt breaks and changes 1in slope of the curves of hinge-
moment coefficient against control deflection. Rearward movement of the
hinge line also resulted in large losses in control 1lift and pitch effec-
tiveness for all but relatively low control deflections. Increasing the
wing angle of attack from -6° to 15° had little effect on the general
variastion of hinge-moment, 1ift, and pitching~-moment coefficients with
control deflection.
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INTRODUCTION

The large hinge moments assoclated with trailing-edge flaps when
used on high-speed airecraft have necessitated the use of powered-control
gystems. To reduce the requirements of the powered-coptrol system and
engble the pilot to fly the alrplane in the event of power failure, it is
desirable to aerodynamically balance a large part of the control force.
As part of a continuing progrem to evaluate various aserodynamic balances,
the present investigation on plein overhang balances was made 1n the
lengley high-speed T- by 10-foot tunnel using the transonic-bump test
technique. A bibliography of previous work on eserodynamic balances is
glven in reference 1.

This investigation presents experimentsl hinge-moment, lift, and
pitching-moment data for a 4-percent-thick 60° delte wing equipped with
a 66-percent-span inboard flasp-type control. The hinge line of the con-
trol wag shifted to give various ratios of balance chord to flap chord.
Data were obtained over an angle-of-attack range of -6° to 15°, a flap-
deflection range of approximately ¥30°, and a Mach number range from 0.60
to 1.18.

COEFFICIENTS AND SYMBOLS . =

The 1ift and pitching-moment date represent the aérodynamic effects
that would be obtalned on a complete wing with both control surfaces
deflected in the same direction.

Ch flap hinge-moment coefficient, H/q2My

Twice 1ift of semigpan model

Ct, 1ift coefficient, . —_ .
as
Cn pltching-moment coefficient referred to 0.25%,
Twice pltching moment of semispan model
qQsSeé
ACT, inerement of 1ift coefficient due to flap deflection
Ja'e i increment of pltching-moment coefficlent due - to flap deflection
H - flep hinge moment measured sbout hinge line, ft-1b
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My

Mo

6]

area moment sabout hinge line of flap area rearward of hinge
line, £t2 (see fig. 1(b))

area moment about pitching-moment axis of flap area rearward
of hinge 1line, 13

effective dynamic pressure over span of model, pV2/2, Ib/sq t
twice wing area of semispan model, 0.278 sq ft
twice flap aree of semispan model rearward of hinge line, sq £t

mean aerodynemic chord of wing, 0.462 ft, based on relation-

b/2
ship g\/ﬁ caéy
SJo

twice span of semlspan model, 0.802 £t
locel wing chord, ft

balance chord, (distance from hinge line forward to leading
edge of control, see fig. 1(b)), ft

flap chord, (distence from hinge line rearward to trailing
edge of control, see fig. 1(b)), ft

spanwise distance from plene of symmetry, £t
mass density of air, sluge/cu ft

free-stream air velocity, ft/sec

b/2
effective Mach number over span of model, 2\jp cMg dy

sJo

average chordwise local Mach number

local Mach number

Reynolds number of wing based on ¢

angle of attack, deg

control-surface deflection, measured in a plane perpendicular

to control-surface hinge line, positive when control-surface
trailing edge is below wing-chord plene, deg

R
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averaged over a ® range of 15°

&
T
9 |&

G, = égg averaged over an o range of t6°
M T\ /s

oC
c = (& averaged over a & range of +5°
" \® /o

§

o}
= <§§é> averaged over a B range of t5°

The subscript outslde the parentheses indicates the factor held
constant during the measurement of the parameter.

MCODEL AND APPARATUS

The steel semispan wing was triangular in plan form having 60° sweep-
back of the leading edge, an aspect ratio of 2.31, and a taper ratlo of O.
The airfoll section thickness was constant at b4 percent of the local wing
chord at all chordwise stations from 30 to TO percent of the local wing
chord. Rearward of the TO-percent-chord station, the airfoil section
tapered to a sharp tralling edge. Forwaerd of the 30-pércent-chord sta-
tion the airfoil section tapered to & 0.0018c leading-edge radius. A
drawing of the wing giving pertinent dimensions snd data is shown in
figure 1(a).

The wing was equipped with a constant-chord treiling-edge flap-type
control spanning the inboard 66 percent of the semisparm. Variation in
overhang balance wag accomplished by having five different interchangeasble
controle of equal total chord (cb + cp = 0. 113%). The ratio of balance

chord c¢p to flap chord cg was varied by shifting the hinge line, and

the flap section contour was unchanged. Ratlos of balance chord to flap
chord tested were as follows: O0.07 (rasdius nose, unbalanced flap), 0.32,
0.50, 0.79, and 1.03. (See fig. 1(b).) The flap was hinged to the wing
with a hinge pin at the outboard end of the flap and a hinge rod below the
bump surface. TFlap hinge moments were measured by a callbrated beam-type
electric strain gege fastened rigidly to the hinge rod below the bump
surface. (See fig. 1(a).)

The model was mounted on an electrical strain-gage balance and the
aerodynamic forces and moments were recorded by means of calibrated




NACA EM L54BO8 M 5

potentiometers. The balance was mounted in a chamber within the bump

and the model butt passed through a hole in the bump surface angle-of-
attack turnteble. Ieskage through this hole was kept to a minimum by

the use of a sponge-wiper seal fastened to the undersurface of the turn-
table cover plate. (See fig. 1(a).) A photograph of the model as mounted
in the tunnel 1s given in Pfigure 2.

TESTS

The tests were made in the Langley high-speed T- by 1lO-foot tunnel
by utilizing the transonic-bump technique. This technique involved the
mounting of the model in the high-velocity flow field generated over the
curved surface of & bump located on the tunnel floor.

Typical contours of local Mach number in the vielnity of the model
location on the bump, obtalned with no model in position, are shown in
figure 3. The long dashed line shown near the model root chord indicates
8 local Mach number that is 5 percent below the maximum value and repre-
sents the estimated extent of the bump boundary leyer. The effective
test Mach numbers were obtained from contour charts simllar to those of
figure 3 by using the relationship

5 b /2
M=§ cMad;y'
0

The variation of Reynolds number with Mach number for typical test
conditions is presented in figure 4. The Reynolds numbers were based on
a mean aerodynamic chord of 0.462 foot. Hinge moment, 1ift, and pitching
moment were obtained through a Mach number, angle-of-attack, and flap-
deflection range. Data for the flaps having cb/cf equal to 0.07, 0.50,
and 1.03 were obtained through & Mach nunmber range from 0.60 to 1.18,
angle-of-attack range from -6° 1o 15°, and a flap-deflection range of
approximately +30°. For the flaps having cp/cp equal to 0.32 and 0.79,

dete were obtained over a Mach number range from 0.60 to 1.10, an angle-
of-attack range of 16°, and flap deflection from approximately -5° to 30°.

CORRECTIONS

No corrections have been applied to the date for the chordwise and
spanwise veloclty gradlents or for distortion of the wing due to alr
loads, but these corrections are believed to be small. Flap deflections -
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have been corrected for twisting of the hinge rod between the hinge-moment _
strain gage and the flap. Flap-deflection corrections were determined :
from a stetlic hinge-moment calibration and applied according to the meas-~
ured test hinge moment. This correction was epproximately 10 percent of
the original flap setting for the extreme loading condition.

RESULTS AND DISCUSSION

Presentation of Data

The varlation of Cp, Cp, and Cp with flap deflection for the
five values of cp/er tested, is presented for all test conditions in
Tigures 5 to 9. The effect of hinge location on the variation of Cp,
CL, end Cp with flap deflection at o = 0° is presented for three
representative test Mach numbers in figure 10. A crossplot of the data -
of figures 5 to 9 to obtain the variation of Cp with « at & = O°

is given in figure 11. The effect of Mach number on the hinge-moment
parameters Ch8 and Cha 1s given in figure 12. Figure 13 shows the

varlation of 016 and Cm5 with Mach number. Figure 15 taken from

the data of figure 10, 1s & correlstion of the incremental 1ift and
pitching-moment coefficient with the area and area moment, respectively,
of the flep rearward of the hinge line for a given flap deflection. -

Hinge-Moment Characteristics

Angle of attack had 1little effect on the general variation of Cp
with & for all flaps tested (figs. 5 to 9). Therefore, the date of
figure 10(a) which is a comparison of some typical curves from figures 5
to 9 are a good representation of the effects of hinge location on the . —
variation of Cp with 8. The slope of C, with & for the unbalanced
flap (cp/er = 0.07) was negative (underbalanced) for all test conditilons

and was falrly constent over a deflection range of about #20°. Shifting
the hinge line rearward (increasing Cb/Cf) had & balancing effect on

the flap hinge-moment coefficlent for all test conditions but caused the
variation of Cp with & to become very nonlinear. At subsonic speeds,
most of the balancing effect of the overhang was obtained over e © range
of asbout £10°. For ratios of cp to ep of 0.50, 0.79, and 1.035, sbrupt
breaks and reversals in slope of Cn with & occurred throughout the
test range except for the flap having cb/cf = 0.50 at supersonic speeds.
Increasing Mach number had a tendency to decrease the nonlineerities in
the bagic data. - -
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The variations of Cp with o shown in figure 11 were obtained

by crossplotting the data of figures 5 to 9 at & = 0°. The curves
(Ch plotted against a) are linear over an o range of at least 16°

and are summarized within this o range by the hinge-moment param-
eter Cha of figure 12. Above o = 6°, there is an increase in tend-

ency to float with the relative wind for Cb/Cf = 0.07 and 0.50 and an
increase in tendency to float agasinst the relative wind for Cb/Cf = 1.03.

Since nonlinearities exlst in the baslic data, the hinge-moment param-
eter Ch5 (fig. 12) has limited meaning and is applicable only over a

8 range of 15° for most of the data except for the unbalanced flep
(cp/ep = 0.07). The hinge-moment parsmeter Chg for the unbalanced

flap was negative and had a gmall negative increase with Mach number up
to M = 0.90. There was a large negative increase in Ch8 in the speed

range from M = 0.90 to M = 1.05, indicating a large rearward shift in
flap center of pressure sgbove M = 0.90. The negative values of

gbove M = 1.05 were more than twice the negative values at M = 0.60.
In the & range of £5°, increasing cb/cy shifted Chs 1in a positive

direction and there was always a large rearward shift in flap center of
pressure sbove M~ 0.85. For cp/ep 2 0.50, Chg Wes positive and

increased with Mach number up to M = 0.90. TFor Mach numbers greater
than 1.00, Ch8 for all controls was negative or underbalanced.

Increasing cb/cf shifted ChOL (fig. 12) in a positive direction.
The value of Ch, Wwas negative through the speed range for the unbalanced
flap and was posltive for the flaps having cb/cf = 0.79 and 1.03. In
general, the variation of Cha with Mach number wes of the same nature
for all values of cp/ce. The value of Chm was egsentially constant

with Mach number up to M = 0.85 and sbove M = 1.05. From M = 0.85
to M = 1.05, there were large changes in Cha' The variation in Chy,

with M was least for the control having cb/cf = 0.79.

Lift and Pltching-Moment Characteristics

A1l flsps produced increments of 1lift and pitching-moment coeffi-
clent in the proper direction although for each value of Cb/Cf there

were certain combinations of o and & where a further increase in B
did not give a further increase in Cp, or (Cp (figs. 5 to 9). Angle

of attack had only smell effect on the general variation of Cp and Cp
with ®. To provide a direct comparison of the effects of increasing
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cb/cf et a = O°, incremental values of Cr, and C; are plotted

against & in figure 10(b) for three representative test Mach numbers.
At subsonic speeds, C;, and Cp for the unbalanced flap (Cb/Cf = 0.07;

fig. 5) had essentlally a linear variation over a & range of at least
110° with the effectiveness decreasing at higher deflections. At super-
sonic speeds there was a tendency for the effectiveness to increase at

the high flap deflections. Shifting the hinge line rearward caused a
large decrease in the effectiveness for all but relatively low flap
deflections. TFor Cb/Cf 2 0.50, deflecting the flap mbre than T10° at
the lower test speeds had little or no effect om Cr, and Cp and in

some cases caused an increment in the wrong direction. (fig. 10(b)). At
the higher test speeds, Cy, and C, had a more linear variation through-

out the & range. =

Increasing cb/cf had s relatively small effect on the absolute
magnitudes of CLB and Cm6 as averaged over a B ringe of at least
+5° (fig. 13). The parameters Crg &nd Cms generally increased in

magnitude with an increasse in «. There was a gradual decrease in values
of Crg end Cm8 with increasing Mach nunmber for the unbalanced flap

(cb/cf = 0.07). In most cases, increaging ¢b/cf caused values of 016
and Cpy 1o remain constant or increase with Mach number up to M = 0.90

and then have & more sbrupt decrease in the transition from subsonic to
supersonic speeds. -

Since shifting the hinge line rearward had little effect on
and Cpy 28 measured for small control deflectlons, it would appear
that as a first-order approximation these parameters are dependent on
total-control area and area moment, respectively. This, however, would
not account for the large losses in OOy and AC, at the higher control

deflections due to shifting the hinge line rearward. _Therefore, an attempt

was made to correlate these 1ift and pitching-moment losses with the rear-
ward movement in control hinge line. The correlation of figure 14 is
presented as & particuler result of the present investigation and is not
intended for general usage. Data of figure 10(b) were used and the sym-
bols are not test data points but are a means of identification.

In figure 14, ALy, for a glven flap deflection is plotted against

a8 nondlimensional srea ratio factor based on the control ares rearward of
the hinge line. The line drawn from the origin to the values of ACT,

S
for the unbalanced flap (Cb/Cf = 0.07, ?f = 0.09é> indicates values

of AC7, that are proportional to the flap ares rearward of the hinge
line. At the higher flap deflections, the reduction in control 1ift
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effectiveness due to shifting the hinge line rearward is spproximately
proportional to the reduction in area rearward of the hinge line. In the
low-deflection range (¥10° at M = 0.6 and ¥5° at M = 0.95 and 1.10)
flap 1lift effectiveness tends to be independent of hinge location and
ACr, shows little veriation with Sp/S. These results, at low flap deflec-

tions, are in qualitative agreement with results obtained at M = 1.61
in reference 1 and with two-dimensional results obtained at low speed on
a 9-percent-thick wing in reference 2, where, for a given chord flap cp

the flap effectiveness parameter increased with an increase in cb/cf.

Figure 1 also presents AC,; for a glven flap deflection plotted

ageinst & nondimensional area-moment-ratio factor based on the area
moment of the control area rearward of the hinge line. Essentially the
same correlation is obtained for the pitching-moment date with the reduc-
tion in ACy at the higher flap deflections being proportional to the

reduction in area moment of the control area rearward of the hinge lime.
In the low-deflection range, flap pitch effectiveness tends to be inde-
pendent of hinge location.

CONCLUSIONS

The results of the investigation of a li-percent-thick 60° delta wing
equipped with a trailing-edge flap-type control surface having various
hinge~line locations indicated the following conclusions:

1. Shifting the flap hinge line rearward (increasing the ratio of
balance chord to flap chord cb/Cf) had a balancling effect on the flap

hinge-moment coefficient Cp for all test conditions but caused the
variation of Cp with flap deflection to become very nonlinear.
Increasing Mach number tended to decrease the nonlinearities.

2. For Cb/Cf 2 0.50, the control was overbalanced over part of the

test range and sbrupt breaks and reversals in slope of hinge-moment coef-
flcient with flap deflection occurred.

3. Increasing angle of attack from -6° to 15° had little effect on
the general variation of hinge-moment, 1ift, and pitching-moment coeffi-
cients with control deflection.

4, Incressing cb/cf resulted in a large decrease In 1ift and
pitch effectiveness for all but relatively low control deflections.

- 4
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5. At the higher control deflections the 1ift and. pitch effective-~
ness tends to be proportional to the area and area moment of the flap
area rearward of the hinge line. This conclusion is made only as a
first-order approximetion for the particular controls of the present
investigation.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Janusry 21, 1954.
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